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Abstract 



We have studied new CP violating effects in A;, — > pir decay mode, that 
can arise in Minimal Super symmetric Standard Model with R-parity violation. 
We have estimated how much R-parity violation modifies the Standard Model 
predictions for CP asymmetries within the present bounds. We found that in 
the R-parity violating model, the rate asymmetry (a cp ) is suppressed (about 
10 times) and the asymmetry parameter A(a) is enhanced (approximately 
O(10 2 ) times) with respect to the SM predictions. 



1 



Typeset using REVT^X 



One of the most important objects of the upcoming experiments at B factories is to 
search for CP violation in as many B decay modes as possible so as to establish the pattern 
of CP violation among various B decays This then may allow for an experimental 
test not only of the Standard Model (SM) Cabibbo-Kobayashi-Maskawa (CKM) paradigm 
of CP violation, but also many extensions of the SM that often contain new sources of 
CP violation. It is well known that CP violating B decays might constitute an important 
hunting ground for new physics. This is particularly so since many CP violating asymmetries 
related to B decays are predicted to be small in SM, are likely to be measured with high 
precision in the upcoming B factories. Measurements larger than the SM predictions would 
definitely signal the presence of new physics. It is also interesting to study CP violation 
in bottom baryon system in order to find the physical channels which may have large CP 
asymmetries, even though the branching ratios for such processes are usually smaller than 
those for the corresponding bottom mesons. Recently some data on the bottom baryon A& 
have appeared. For instance, OPAL has measured its lifetime and the production branching 
ratio for the inclusivs semileptonic decay A& — > Al~vX ||. Furthermore, mesurements of the 
nonleptonic decay A5 — ► AJ/ip has also been reported ||. Certainly we expect more data in 
the future in the bottom baryon sector. In this paper we intend to study CP violation in the 
nonleptonic A& — > pir decay in the Minimal Supersymmetric Standard Model (MSSM) with 
.R-parity violation [Q. The MSSM has been widely considered as a leading candidate for 
new physics beyond SM. In supersymmetric theories 'i?-parity' is a discrete symmetry under 
which all standard model particles are even while their superpartner are odd. It is defined as 
R = (— \y 3B + L + 2S ) ^ where S is the spin, B is the baryon number and L is the lepton number 
of the particle. An exact -R-parity implies that superparticles could be produced in pairs and 
the lightest supersymmetric particle (LSP) is stable. However, B and L conservations are 
not ensured by gauge invariance and therefore it is worhwhile to investigate what happens 
to the CP asymmetries when .R-parity is violated. 

The most general Lorentz-invariant amplitude for the decay A& — > pn~ can be written 
as@ 

iu p (p f )(a + trf 5 )u Ab (pi) (1) 
The corresponding matrix element for A& — > p7i + is then 

i Vp(Pf)(- a * + 6 *7b)«A* (Pi) (2) 

It is convenient to express the transition amplitude in terms of S-wave (parity violating) and 
P-wave (parity conserving) amplitudes S and P as 

S + Pa ■ q (3) 

where q is the proton momentum in the rest frame of A& baryon and the amplitudes S and 
P are : 



S 



{(m Ab + m p ) 2 - ml} 



P 



{{m Ab - m p ) 2 - ml} 



(4) 



The experimental observables are the total decay rate T and the decay parameters a, (3 and 
7 which govern the decay-angular distribution and the polarization of the final baryon. The 
decay rate is given as 
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r = 2|q|{|5| 2 + |P| 2 } (5) 
and the dominant asymmetry parameter (a) is given as 

2Re(S*P) 

a ~ {\S\ 2 + \P\ 2 } ( ) 

Similar observables for the antihyperon decays are T and a are given as 

r = 2|q|{|5| 2 + |P| 2 }, "= {1^^ (7) 

For A b — > pir~ decay the CP violating rate asymmetry in partial decay rate (a cp ) and 
aymmetry parameter (A(a)) are defined as follows, 

T(A b ^pn-)-T(R b ^pn+) 
acp ^(A b ^pn~) + ^CA b ^P^r + ) , lj 



A(a) = , (9) 

a — a 

A nonzero value for a cp and A (a) will signal CP violation. The existence of such CP 
asymmetries require the interference of two decay amplitudes with different weak and strong 
phase differences. The weak phase difference arises from the superposition of various penguin 
contributions and the usual tree diagrams while the strong phases are induced by final state 
interactions (FSI). At the quark level, the strong phase diffences arise through the absorptive 
parts of penguin diagrams (hard final state interactions) and nonperturbatively (soft final 
state interactions) . In the absence of an argument that the parton-hadron duality should 
hold in exclusive processes, one can not exclude that the weak transition matrix elements 
receive phases originating from soft FSI. However the effects of soft FSI are extremely difficult 
to quantify. In the absence of a reliable theoretical calculation for soft FSI, we make the 
usual approximation of retaining the absorptive part from quark level calculation (hard FSI) 
for strong phase differences in our analysis. 

We shall first consider the SM contributions to the transition amplitude. The effective 
Hamiltonian Tt e ff f° r the decay process A b — ► pn~ is given as 

G r 10 i 

n e}f = -^\v ub V: d [ Cl (n)0^n) + cMO^)} - VaV&^CiMOiQ*)} +h.c. , (10) 

where Oi^ are the tree level current- current operators, O^-q are the QCD and O7-10 are 
the electroweak penguin operators which are explicitly given in Ref. ||, Cj's are the Wilson 
coefficients, which take care of the short-distance QCD corrections, are scheme and scale 
dependent. These unphysical dependences are cancelled by the corresponding scheme and 
scale dependences of the matrix elements of the operators. However, in the factorization 
approximation, the hadronic matrix elements are written in terms of form factors and decay 
constants, which are scheme and scale independent. So to achieve the cancellation, the 
various one loop corrections are absorbed into the effective Wilson coefficients cf , which 
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are scheme and scale independent. The values of the effective Wilson coefficients for b — > d 
transitions are explicitly evaluated in Ref. || as : 

c\ Sf = 1.168 c 2 ff = -0.365 c/ f = 0.0224 + i0.0038 c/ f = -(0.0454 + z0.0115) 
c e / f = 0.0131 + z0.0038 c 6 ff = -(0.0475 + i0.0115) c 7 ff /a = -(0.0294 + i0.0329) 
c e 8 ff /a = 0.055 c 9 ff /a = -(1.426 + i0.0329) c{ f f /a = 0.48 (11) 

These one loop corrections (to get s ) result in imaginary parts for (c^ s) due to virtual 
quarks going on their mass shell. 

The matrix elements of the operators can be calculated using the factorization approx- 
imation. In this approximation the hadronic matrix elements of the four quark operators 
(db)v~A(ud)y-A split into products of matrix elements one involving pion decay constant 
and the other dealt the baryonic form factors. The matrix elements of the (V — A)(V + A) 
i.e., (06 an d Og) operators can be obtained by Fierz reordering and using the Dirac equation 
as, 

(pn\0 6 \A b ) = -2£(7rKl + 75)g|0><p|9(l-75)&|A b ) (12) 
q 

Using the Dirac equation the matrix element can be rewritten as 



(pn\0 6 \A b ) 

with 



M4Jo> , (13) 



1 (m b -m u )(m d + m u ) ' 2 (m b + m u )(m d + m u ) ' 

where the quark masses are the current quark masses. The same relation works for 0$. 

Thus under the factorization approximation the baryon decay amplitude is governed by a 
decay constant and baryonic transition form factors. The general expression for the baryon 
transition is given as 



(p( Pf )\V, - A^\A b { Pi )) = u p (Pf){fi(<l 2 h, + ih{<?)°p,<? + / 3 (<? 2 )^ 

- [gi(q 2 hv + m{q 2 )^nuq u + gz{q 2 )q^]ib p Ab fe) , (15) 



where q = Pi — Pf- The values of the form factors at maximum momentum transfer are 
evaluated in nonrelativistic quark model and their q 2 dependence are determined using the 
pole dominance model |J with values as, 

himl)= 0.043 rmhiml) = -0.009 g x {ml) = 0.092 m^ 3 (m^) = -0.047 , (16) 

where the particle masses are taken from Jl0| . 



Hence one obtains the amplitude for the decay mode A b — > pix as (where the factor 
Gf/V2 is suppressed) 
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A(A b 



= ifnUpipf) |a u (ai + a 4 + aio + (a 6 + a 8 )i?i) + A c (a 4 + a w + (a 6 + o 8 )J?i)| 

+ |a„ (ai + a 4 + aio + (a 6 + a 8 )R 2 ) + A c (a 4 + ai + (a 6 + a 8 )# 2 ) j 
x (<7i("4)(™i + m f) ~ ga(ml)ml) 7s 



«Ai(P-. 



(17) 



where mj and m/ are the masses of the initial and final baryons respectively. The coefficients 
ai, a,2 ■ ■ ■ aio are combinations of the effective Wilson coefficients given as 



eff 

Q2i-1 — C 2i _! + 



(iVc 



eff 



eff 
C 2 i 



: c 2i-l 



L2---5 



(18) 



where N c is the number of colors, taken to be N c = 3 for naive factorization. Thus one 
obtains the S and P-wave amplitudes using eqns. (1), (4) and (17), in units of (10~ 9 ) as 



S = A u (34.603 - 0.7115i) - A c (2.782 + 0.7115i) 
P = A u (74.056 - 1.52H) - A c (5.95 + 1.52H) , 



(19) 



with Aj = VibVid- Now we shall proceed to evaluate the R-parity violating (fip) amplitude. 
In the MSSM the most general R-parity violating superpotential is given as 



W#p — \jkLiLjEl + X' ijk LiQjD c k + \- jk U?DjD 



k ■ 



(20) 



where k are the generation indices and we assume that possible bilinear terms /ijLjff 2 
can be rotated away. Lj and Qi are the SU (2)-doublets for lepton and quark superfields 
and Ef, Uf and D\ are the singlet superfields. A^ and A" jfc are antisymmetric under the 
interchange of the first two and last two indices. The first two terms violate lepton numbers 
where as the last term violates baryon number. For our purpose we will consider only the 
lepton number violation contributions. As the A type couplings do not contribute to the 
nonleptonic decays we obtain from eqn. (|20|) the following effective Hamiltonian due to the 
exchange of sleptons as 



U 



eff 



n.p.q=l 



(21) 



with Pl,r — (IT 75)/2- From the above effective Hamiltonian we calculate the amplitude 
^4^ (Aft — > pn) using the factorization approximation. The matrix elements of the (S — 
P)(S + P) operators are obtained using the Dirac equation of motion. Assuming Vckm is 
given by only down-type quark sector we obtain the dominant transition amplitude to be 



A*ff 



E 



A' A'* 



VmV^ x iUuipf) R x (h{ml)( mi - m f ) + f 3 (ml)m%) 



+ R 2 (gi(ml)(mi + m f ) - g 3 (ml)m 2 Jj 7 5 



UA b (Pi) ■ 



(22) 



Now considering the slepton mass to be 100 GeV, the present bounds on A^- fe are JTJ] 
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A' 211 < 0.09 A' 213 < 0.09 A' 311 < 0.16 A 313 < 0.16 
we obtain the S and P-wave R$ p amplitudes to be 

% < 1.626 x 10" 9 Py p < 3.474 x 10" 9 



(23) 



(24) 



After obtaining the transition amplitude in SM and Rg p model we now proceed to esti- 
mate the CP asymmetries. The parity violating (S wave) and parity conserving (P wave) 
amplitudes can be explicitly written as 



S — X U S U + X C S C + Sty p 



p — X U P U + \ C P C + Pi 



(25) 



where Aj = VibVid, are the product of CKM matrix elements which contain the weak phases. 
The strong phases which arise from the perturbative penguin diagrams at one loop level, 
are contained in S u / C and P u / C i.e., S u = \S u \e lSu etc. The corresponding quantities for the 
antihyperon decays are given as 



S — — (A*^ + A*^ + 
P = K^u + A*P C + P% p 

Thus the CP violating rate asymmetry is given as, 



(26) 



im(A u A*) (Im(S u S* c ) + Im(P u P c *)) + Im{\ u )[S^ p Im{S u ) + P^ p Im{P u )} 



(27) 



where 



\\uW\Su\ 2 + \P U \ 2 ) + \\ C \\\S C \ 2 + \P C \ 2 ) + (|%| 2 + \Pv p \ 2 ) 



+ 2Re{\ u \^ (Re(S u S* c ) + Pe(P u P c *)) + 2 £ Re(\ t )(S^ p Re(S t ) + P^ p Re(P t )) 



l=U,C 



(28) 



Using the Wolfenstein parametrization for CKM matrix elements with values A = 0.815, 
A = 0.2205, p = 0.175 and rj = 0.37, we obtain the branching ratio and CP violating 
observables in RPV model using eqns. (5), (9) and (27) as 

Br(A b -> pn) < 1.6 x 10~ 4 
a cp ~ 0.3% 

A(a) ~ 8.8 x 10~ 3 (29) 
The corresponding quantities in the SM (5# p = and P% p = 0) are given as 



Br(A b -> pn) = 0.9 x 10~ 6 

o, C p = 8.3% 

A(a) = 2.3 x 10~ 5 



(30) 
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It can be seen from eqns. (p9|) and (|30|) that the effects of R-parity and lepton number violat- 
ing couplings significantly modify the SM results of the branching ratio and CP asymmetry 
parameters for the decay mode A& — > pit. The branching ratio and the asymmetry parame- 
ter (A(a)) in RPV model are approximately O(10 2 ) times larger than the SM contributions 
whereas the rate asymmetry a cp is nearly 10 times smaller than the SM result. 

To summarize, in this work we have studied the effects of R-parity violating couplings 
on the direct CP asymmetry parameters in A& — > pre decay mode. Assuming factorization, 
we have used the nonrelativistic quark model to evaluate the form factors at maximum 
momentum transfer (g^J and the extrapolation of the form factors from to the required 
q 2 value is done by using the pole dominance. Although there are significant uncertainties 
in our estimates as we have used the factorization approximation to evaluate the matrix 
elements of the four-quark current operators and taken all the R-parity violating couplings 
to be real, it is probably safe to say that the asymmetry parameter A(a) in A& — > pn decay 
is significantly larger than the corresponding asymmetry in the Standard Model. 

The author would like to thank Professor M. P. Khanna and Dr. A. K. Giri for many 
useful discussions and also to CSIR, Govt, of India, for financial support. 
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